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EXECUTIVE SUMMARY

In 1994, the National Marine Fisheries Service (NMFS) received a petition (PRO-salmon
1994) requesting the listing of four populations of chinook salmon (Oncorhynchus tshawytscha)
in Puget Sound as threatened or endangered species under the federal Endangered Species Act
(ESA). Inresponse to this petition and the more general concerns for the status of Pacific salmon
throughout the region, NMFS announced that it would initiate ESA status reviews for all species
and populations of anadromous salmonids in the states of Washington, Idaho, Oregon, and
Cdifornia. Subsequently, NMFS received a petition (ONRC and Nawa 1995) to list al chinook
salmon south of British Columbia under the ESA.

The ESA allowsthe listing of “distinct population segments’ of vertebrates as well as
named species and subspecies. The policy of the NMFS on this issue for anadromous Pacific
salmonids is that a population will be considered “distinct” for purposes of the ESA if it
represents an evolutionarily significant unit (ESU) of the species asawhole. To be considered an
ESU, a population or group of populations must 1) be substantially reproductively isolated from
other populations, and 2) contribute substantially to the ecological or genetic diversity of the
biological species. Once an ESU isidentified, avariety of factors related to population abundance
are considered in determining whether alisting is warranted.

West Coast Chinook Salmon ESUs

Previous status reviews conducted by the NMFS have identified three ESUs of chinook
salmon in the Columbia River: Snake River fall-run (Waples et . 1991), Snake River spring- and
summer-run (Matthews and Waples 1991), and mid-Columbia River summer- and fall-run
chinook salmon (Waknitz et a. 1995). In addition, prior to development of the ESU policy, the
NMFS recognized Sacramento River winter chinook salmon as a "distinct population segment”
under the ESA (NMFS 1987). In reviewing the biological and ecological information concerning
west coast chinook salmon, the Biological Review Team (BRT) identified 11 additional ESUs for
chinook salmon from Washington, Oregon, and California. Genetic data (from protein
electrophoresis and DNA analysis) and tagging information were key factors considered for the
reproductive isolation criterion, supplemented by inferences about barriers to migration created by
natural features. Life-history differences were another important consideration in the designation
of ESUs. The BRT utilized the classification system developed by Healey (1983, 1991) to
describe the two races of chinook salmon: 1) ocean-type populations which typically migrate to
seawater in their first year of life and spend most of their oceanic life in coastal waters, and 2)
stream-type popul ations which migrate to sea as yearlings and often make extensive oceanic
migrations. Genetic differences, as measured by variation in alozymes, indicate that the ocean-
and stream-type races represent two major (and presumably monophyletic) evolutionary lineages.
A number of additional factors were considered to be important in evaluations of
ecological/genetic diversity, with data on life-history characteristics (especially ocean distribution,
time of freshwater entry, age at smoltification and at maturation) and geographic, hydrological,
and environmental characteristics being particularly informative.
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Chinook Salmon ESUs

1) Sacramento River Winter-Run ESU

This ESU includes the Upper Sacramento River below Keswick Dam. Historically,
winter-run populations existed in the Upper Sacramento, Pit, McCloud, and Calaveras Rivers.
Winter-run chinook salmon were distinguished from other chinook salmon populationsin the
Sacramento River Basin based on their unique run-timing and genetic characteristics. Adult
winter-run chinook salmon enter the Sacramento River from November to June and spawn from
late-April to mid-August, with a peak from May to June. No other chinook salmon population
has a similar life-history pattern. In general, winter-run chinook salmon exhibit an ocean-type life-
history strategy, and remain near the coasts of California and Oregon during their marine
residence. Winter-run chinook salmon also mature at arelatively young age (2-3 years old).
DNA analysisindicates substantial genetic differences between winter-run and other chinook
salmon tempora runsin the Sacramento River.

2) Central Valley Spring-Run ESU

This ESU contains the Sacramento River Basin and includes chinook salmon entering the
Sacramento River from March to July and spawning from late August through early October,
with apeak in September. Spring-run fish in the Sacramento River exhibit an ocean-type life
history, emigrating as fry, subyearlings, and yearlings. Marine coded-wire-tag (CWT) recoveries
are primarily from fisheries off the California and Oregon coast. Differencesin adult size,
fecundity, and smolt size were also observed between spring- and fall-run chinook salmon in the
Sacramento River. DNA analyses indicates moderate differences between the spring, fal, and
late-fall runsin the Sacramento River.

3) Central Valley Fall-Run ESU

This ESU contains the Sacramento and San Joaguin River Basins and includes fall and
late-fall run chinook salmon. These populations enter the Sacramento and San Joaquin Rivers
from July through March and spawn from October through March. Fish in this ESU are ocean-
type chinook salmon, emigrating predominantly as fry and subyearlings, remaining off the
California coast during their ocean migration. Fall-run chinook salmon in the Sacramento and San
Joaguin River Basins are physicaly and genetically distinguishable from coastal forms.
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4) Southern Oregon and California Coastal ESU

This ESU includes native spring and fall runs of chinook salmon south of Cape Blanco,
Oregon. Higtoricaly, the range may have extended to the Ventura River in California, but
currently does not extend south of San Francisco Bay, California. Also included in thisESU are
populations in the Klamath River Basin from the mouth upriver to the confluence of the Trinity
and Klamath Rivers. Chinook salmon in this ESU exhibit an ocean-type life history, with marine
distribution predominantly off the California and Oregon coasts. In contrast, populations north of
Cape Blanco (ESU 5) migrate in a northerly direction, travelling as far north as British Columbia
and Alaska. The Cape Blanco region isamajor biogeographic boundary for numerous species.
Fall-run populations predominate in this ESU, with the exception of the Rogue River Basin where
thereis a substantial spring run. The status of naturally-spawning chinook salmon in San
Francisco Bay was not determined by the BRT due to alack of information. Furthermore, the
BRT was unable to document the existence of extant naturally-spawning chinook salmon
populations south of San Francisco Bay. Ecologicaly, the majority of the river systemsin this
ESU arerdatively small and heavily influenced by a maritime climate.

5) Upper Klamath and Trinity Rivers ESU

This ESU includes fall- and spring-run chinook salmon in the Klamath and Trinity River
Basin upstream of the confluence of the Klamath and Trinity Rivers. Historicaly, spring-run
chinook salmon were probably the predominant run. This ESU dtill retains several distinct spring-
run populations, abeit a much reduced abundance levels. Aswith al chinook salmon
populations south of the Columbia River, fish from this ESU exhibit an ocean-type life history;
however, genetically and physically, these fish are quite distinct from coastal (ESU 4 and 6) and
Centra Valley chinook salmon (ESU 1, 2, and 3). Marine recoveries of CWTs indicate that both
the fall and spring runs have a coastal distribution off the California and Oregon coasts.

6) Oregon Coast ESU

This ESU contains coastal basins north of, and including, the Elk River, Oregon, to the
mouth of the Columbia River. This ESU includes fall, summer, and spring runs of chinook
salmon, with fall-run fish predominating in this ESU. With the exception of the Umpqgua River
Basin, the mgority of streamsin the ESU are relatively short. The marine distribution, age
structure, and genetic characteristics of fish from this ESU are very different from neighboring
ESUs (ESU 4 and 9), although somewhat similar to that of fish from the Washington Coast
(ESU 7).
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7) Washington Coast ESU

This ESU contains coastal basins north of the mouth of the Columbia River to, but not
including, the Elwha River. This ESU includes fall, summer, and spring runs of chinook. These
fish exhibit an ocean-type life history (as do al coastal stocks in Washington, Oregon, and
Cdifornia), but their marine distribution and age structure differs considerably from fish in the
Puget Sound (ESU 8) and Lower Columbia River (ESU 9) ESUs. Fishin this ESU generally
mature at 3-, 4-, and 5-years-old and migrate in a northerly direction to British Columbian and
Alaskan coastal waters.

8) Puget Sound ESU

This ESU contains coastal basins of the eastern part of the Strait of Juan de Fuca, Hood
Canal, and Puget Sound. Thisincludes the Elwha River and extends to the Nooksack River Basin
and the U.S. Canadian Border. Spring-, summer-, and fall-run chinook salmon are included in this
ESU. Puget Sound chinook salmon tend to mature at ages 3 and 4, and are not recovered in
Alaskan waters to the same extent as fish from the Washington coast (ESU 7). The genetic and
life-history characteristics of Puget Sound chinook salmon are very distinct from the adjacent
Washington Coast ESU (ESU 7); however, the Elwha River chinook salmon were somewhat
intermediate between the two ESUs.

9) Lower Columbia River ESU

This ESU contains tributaries to the Columbia River from the mouth of the Columbia
River to, but not including, the Klickitat River. Thisincludes natural fall- and spring-run chinook
salmon, with the exception of spring-run chinook salmon in the Willamette River Basin above
Willamette Falls (see ESU 10). Chinook salmon in this ESU were genetically distinct from their
neighboring ESUs, and exhibited distinctive life-history traits (age at maturation) and ocean-
migration distribution.

10) Upper Willamette River ESU

This ESU contains the Willamette River Basin above the Willamette Falls. The ESU
includes natura spring-run chinook salmon, but excludes fall-run chinook salmon that were
introduced above the Willamette Falls. These fish exhibit an ocean-type life history, and are very
distinct from adjacent ESUs genetically, in their age structure, and in marine distribution.
Furthermore, the geography and ecology of the Willamette Valley is considerably different from
surrounding areas. Historically, migratory access above Willamette Falls was only possible during
anarrow temporal window, which provided a powerful isolating mechanism for upper Willamette
River spring-run stocks.
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11) Mid-Columbia River Spring-Run ESU

This ESU includes tributaries to the Columbia River from the Klickitat River Basin
upstream to include the Y akima River Basin, excluding the Snake River Basin. This ESU
includes natura spring-run chinook salmon that exhibit a stream-type life history. Genetically and
morphologically, this ESU is very distinct from ocean-type spring-run chinook salmon which exist
in the Lower Columbia River ESU, and fall-run (ocean-type) fish which cohabit the samerivers as
fish belonging to this ESU. Streamsin this region drain desert areas east of the Cascades
(Columbia Basin Ecoregion) and are ecologically differentiated from the colder, less productive,
glacia streams of the upper-Columbia River Spring-Run ESU and from the generally higher
elevation streams of the Snake River.

12) Upper-Columbia River Summer- and Fall-Run ESU

This ESU contains tributaries to the Columbia River upstream of the confluence of the
Snake and Columbia Rivers to the Chief Joseph Dam. It includes fall- and summer-run (ocean-
type) chinook salmon, with the exception of chinook salmon which spawn in the Marion Drain, an
irrigation collection cand to the Y akima River (see Status Review). Summer-run fish in this ESU
were heavily influenced by the Grand Coulee Fish Maintenance Project (1939-43), whereby fish
returning to spawn in the upper Columbia River were trapped at the Rock I1sland Dam,
downstream of the Wenatchee River. Some of these fish were released into enclosed sections of
the Wenatchee and Entiat Rivers to spawn naturally, while others were spawned in hatcheries.
The result of this project was the mixing of multiple populations into one relatively homogenous

group.

13) Upper Columbia River Spring-Run ESU

This ESU includes tributaries to the Columbia River upstream from the Y akima River to
the Chief Joseph Dam. It includes spring-run chinook salmon in the Wenatchee, Entiat, and
Methow River Basins. These fish al exhibit a stream-type life history. Although dight genetic
differences exist between this ESU and the other ESUs containing stream-type fish (see ESU 11
and 15), ecological differencesin spawning and rearing habitats between these stream-type ESUs
were important in establishing the ESU boundaries. Fishin this ESU were aso influenced by the
Grand Coulee Fish Maintenance Project (1939-43). The result of this project was the mixing of
multiple populations into one relatively homogenous group.

14) Snake River Fall-Run ESU

This ESU contains tributaries to the Columbia River from the Dalles Dam to the
confluence of the Snake and Columbia Rivers, including the Snake River Basin. It includesall
native populations of fall-run chinook salmon in the mainstem Snake River and the following
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subbasins. Deschutes, John Day, Tucannon, Grand Ronde, Imnaha, Salmon, and Clearwater
Rivers. Previoudy, this ESU had only included fall-run chinook salmon from the Snake River
Basin, but based on new information presented in this review the ESU was expanded to include
the Columbia River populations listed above. Fish from this ESU exhibit an ocean-type life
history. Genetic- and ocean-migration differences contrast fish from this ESU with those from
ESU 12. The BRT also noted ecologica differences between the Snake River Basin and the
upper-Columbia River (above the confluence of the Snake River).

15) Snake River Spring- and Summer-Run ESU

This ESU includes tributaries to the Snake River upstream of the Snake and Columbia
Rivers confluence. It includes all natural populations of spring- and summer-run chinook salmon
in the mainstem Snake River and the following subbasins: Tucannon River, Grand Ronde River,
Imnaha River, and Salmon River. Although genetic differences between this and other stream-
type ESUs (ESU 11 and 13) are moderate, ecological differencesin spawning and rearing habitat
were substantial enough to warrant the establishment of distinct ESUs. Genetically and
behaviorally, these fish are very different from the ocean-type fall-run fish that exist in the Snake
River Basin.

Assessment of Extinction Risk

The ESA (section 3) defines the term “endangered species’ as “any specieswhich isin
danger of extinction throughout all or asignificant portion of itsrange.” The term “threatened
species’ isdefined as “any species which islikely to become an endangered species within the
foreseeable future throughout all or a significant portion of itsrange.” According to the ESA, the
determination as to whether a species is threatened or endangered should be made on the basis of
the best scientific information available regarding its current status, after taking into consideration
conservation measures that are proposed or are in place.

For the purposes of this review, the BRT did not evaluate likely or possible effects of
conservation measures and therefore did not make recommendations as to whether identified
ESUs should be listed as threatened or endangered species. The BRT did, however, draw
scientific conclusions about the risk of extinction faced by ESUs under the assumption that
present conditions will continue.

With respect to the 11 newly-identified ESUs, the BRT concluded that two (Sacramento
River Spring Run and Upper Columbia River Spring Run) are at risk of extinction, primarily due
to serioudly depressed abundance. Five ESUs (Central Valley Fall Run, Southern Oregon and
Cdlifornia Coast, Puget Sound, Lower Columbia River, and Upper Willamette River) are at risk
of becoming endangered, due to avariety of factors. Only four ESUs (Upper Klamath and Trinity



XXi

Rivers, Oregon Coast, Washington Coast, and Middle Columbia River Spring Run) are not at risk
of extinction or endangerment.

Chinook Salmon ESUs

1) Sacramento River Winter-Run ESU

Historically, the winter run was abundant and comprised populations in the McCloud, Pit,
Little Sacramento, and Calaveras Rivers. Presently, the ESU has been reduced to asingle
spawning population confined to the mainstem Sacramento River below Keswick Dam. Since
counting began in 1967, the population has been declining at an average rate of 18% per year, or
roughly 50% per generation. This ESU is currently listed as endangered under the California
Endangered Species Act and was listed as threatened in 1989 and reclassified as endangered in
1994 under the U.S. Endangered Species Act.

2) Central Valley Spring-Run ESU

Spring-run chinook salmon were once the predominant run in the Central Valey. Dam
construction and habitat degradation has eliminated spring-run populations from the entire San
Joaquin River Basin and from many tributaries to the Sacramento River Basin. Abundance has
declined dramatically from historical levels, and much of the present day production is from
artificial propagation. There are only afew naturally-spawning populations remaining and these
al have relatively low abundances (<1000). Furthermore, there is concern that the hatchery
propagated spring-run fish have been inadvertently hybridized with fall-run fish. Hatchery release
practices result in high levels of straying and an increased potential for hatchery strays spawning
with native fish. The mgority of the BRT concluded that this ESU was at risk of extinction in the
foreseeable future.

3) Central Valley Fall-Run ESU

Total abundance in this ESU is relatively high, perhaps near historical levels. However,
the status of populations in the San Joaquin River Basin are extremely depressed. Spawning and
rearing habitat quality throughout the ESU are severely impacted by agricultural and municipal
water use activities. Returns to the hatcheries account for 20% of the spawning escapement, and
hatchery strays spawning in the wild may account for an further 30% of the spawning escapement.
The exchange of stocks between Central Valley hatcheries may have resulted in considerable loss
of among-population genetic diversity. Furthermore, naturally-spawning populations that are
least influenced by hatchery strays are experiencing generally negative trends in abundance.
Finaly, relatively high ocean and freshwater harvest rates may threaten the sustainability of
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naturally spawning populations. The magority of the BRT felt that this ESU is likely to become at
risk of extinction in the foreseeable future.

4) Southern Oregon and California Coastal ESU

Populations in this ESU have generally experienced declines in abundance from historical
levels, with the exception of populations in the Rogue River. Spring-run populations outside of
the Rogue River have undergone severe declines. Thereis an aimost complete lack of datafor
coastal rivers south of the Klamath River, and many rivers which historically sustained large
populations of fall-run chinook salmon contain severely reduced populations or their populations
have been extirpated. The BRT unanimously concluded that this ESU was likely to become at
risk of extinction in the foreseeable future.

5) Upper Klamath and Trinity Rivers ESU

Fall-run populations in this ESU are at relatively high abundances, near historical levels,
and trends are generally stable. Hatchery production contributes significantly to total escapement.
In contrast, spring-run abundance is at only 10% of historical levels, and much of the present
production is hatchery-derived. Dam construction eliminated much of the historical spring-run
spawning and rearing habitat and was responsible, in part, for the extirpation of at least seven
spring-run populations. Due to the disparity in risk status between spring and fall runs, the BRT
had considerable difficulty in evaluating the status of thisESU. The mgjority of the BRT
concluded that this ESU, as a whole, was not presently at significant risk of extinction, but there
was substantial concern for the status of spring-run populations.

6) Oregon Coast ESU

Tota abundance in this ESU isrelatively high. Long-term trends for populations are
generally upward, although a number of populations are experiencing severe short-term trendsin
abundance. Spring-run populations are generally in better condition in this ESU than in other
coastal ESUs. Hatchery production appears to be arelatively minor component of total
escapement. The BRT unanimously concluded that chinook salmon in this ESU are not in danger
of extinction nor are they likely to become so in the foreseeable future.

7) Washington Coast ESU

Long-term trends for most populations in this ESU have been upward; however, several
smaller populations are experiencing sharply downward trends. Fall-run populations are
predominant and tended to be at alower risk than spring or summer runs. Hatchery production is
significant in the southern portion of this ESU, whereas the majority of the populationsin the
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northern portion of the ESU have minimal hatchery influence. The BRT unanimously concluded
that chinook salmon in this ESU are not in danger of extinction nor are they likely to become so in
the foreseeable future.

8) Puget Sound ESU

Total abundance in the ESU isrelatively high; however, much of this production is
hatchery-derived. Both long- and short-term trends in abundance are predominantly downward,
and severa populations are exhibiting severe short-term declines. Spring-run chinook salmon
populations throughout this ESU are all depressed. The BRT was concerned that the high level
of hatchery production is masking more severe underlying trends in abundance. In many aress,
spawning and rearing habitats were severely degraded and migratory access restricted or
eliminated. A magjority of the BRT concluded that this ESU is likely to become endangered in the
foreseeable future.

9) Lower Columbia River ESU

Abundance in this ESU is relatively high; however, the mgjority of the fish appear to be
hatchery-produced. The chinook salmon fall run in the Lewis River appears to be the only healthy
naturally-produced population in this ESU. Long- and short-term trends in abundance are mostly
negative, some severely so. The numbers of naturally-spawning spring runs are very low, in fact,
the BRT was unable to identify any healthy native spring-run populations. The pervasive
influence of hatchery fish in almost every river in this ESU and the degradation of freshwater
habitat suggested that many naturally-spawning populations are not able to replace themselves.
The magjority of the BRT concluded that this ESU is likely to become endangered in the
foreseeable future.

10) Upper Willamette River ESU

Tota abundance in this ESU isrelatively high (20,000-30,000 adults) and stable; however,
approximately 10% of escapement spawns naturally, and of the natural spawners more than half
are first-generation hatchery strays. The introduction of non-native fall-run chinook salmon above
Willamette Fallsis viewed as a potentia risk to the genetic integrity of this ESU. Furthermore,
exchanges of fish between hatcheriesin this ESU has most likely lead to the homogenization of
populations within the ESU, athough this ESU is still quite distinct from adjacent ESUs. The
majority of the historical spawning habitat is now inaccessible, and the remaining habitat is quite
limited and degraded. The maority of the BRT concluded that this ESU islikely to become
endangered in the foreseeable future.
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11) Mid-Columbia River Spring-Run ESU

Total abundance in the ESU has declined considerably from historical levels, but appears
to be relatively stable during recent years. Natural production accounts for most of the
escapement in the Y akima and Deschutes River Basins. Habitat degradation, especialy due to
agricultural practices, affects most of the riversin this ESU. The mgjority of the BRT concluded
that chinook salmon in this ESU are not in danger of extinction nor are they likely to become so in
the foreseeable future.

12) Upper-Columbia River Summer- and Fall-Run ESU

Total abundance in this ESU is quite high, although naturally spawning chinook salmon in
the Hanford Reach are responsible for the vast majority of the production. The BRT was
concerned about the recent decline in summer-run populations in this ESU, and the apparent
increase in the contribution of hatchery return to total escapement. It was unclear if, under
current conditions, the naturally spawning summer-run chinook salmon populations are self-
sustaining. Inan earlier review, this ESU was determined to be neither at risk of extinction nor
likely to become so, and its status was not reviewed in detail here.

13) Upper Columbia River Spring-Run ESU

Recent total abundance in this ESU is quite low, and escapements from 1994-96 were the
lowest in 60 years. At least 6 populations of spring-run chinook salmon in the ESU have been
extirpated, and amost al remaining naturally-spawning populations have fewer than 100
gpawners. Hydrosystem development has blocked access to much historical habitat and directly
impeded adult and smolt migrations. The majority of the BRT concluded that this ESU is
currently at risk of extinction.

14) Snake River Fall-Run ESU

Historically the Snake River component of this ESU was the predominant source of
production. Currently the five-year average for Snake River fall-run chinook salmon is about 500
adults (compared with 72,000 in the 1930s and 1940s). The abundance of naturally-spawning fish
in the Deschutes River has averaged about 6,000 fish (1990-96). There is some uncertainty asto
the origins of fish spawning in the lower Deschutes River, and their relationship to fish in the
upper Deschutes River (above Sherars Falls). Extirpated populations in the John Day, Umatilla,
and WallaWalla Rivers are believed to have belonged to this ESU. Hydrosystem development
blocks access to most of the historical spawning habitat in the Snake River portion of this ESU, as
well as affecting migration corridors. Snake River fall-run chinook salmon are currently listed as
athreatened species under the U.S. ESA. The BRT concluded that the newly defined ESU
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(which includes the Deschutes River population) islikely to become in danger of extinction in the
foreseeable future.

15) Snake River Spring- and Summer-Run ESU

Recent abundance of the naturally-spawning population for this ESU has averaged about
2,500 fish, compared to historical levels of approximately 1.5 million. Both long- and short-term
trends are negative for al populations. A number of populations have been extirpated in this
ESU, primarily due to dam construction. This ESU is presently listed as a threatened species
under the U.S. ESA and was not reviewed further in this document.
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INTRODUCTION

On 14 March 1994, the National Marine Fisheries Service (NMFS) was petitioned by the
Professional Resources Organization-Salmon (PRO-Salmon) to list spring-run popul ations of
chinook salmon (Oncorhynchus tshawytscha) in the North Fork and South Fork Nooksack River,
the Dungeness River’, and the White River (Fig. 1) as threatened or endangered species under the
Endangered Species Act (ESA) either singly, or in some combination (PRO-Salmon 1994). At
about the same time, NMFS also received petitions to list additional populations of other Pacific
salmon species in the Puget Sound area. I1n response to these petitions and the more general
concerns for the status of Pacific salmon throughout the region, NMFS announced on 12
September 1994 that it would initiate ESA status reviews for all species of anadromous
salmonids in Washington, Oregon, California, and Idaho (NMFS 1994d). This proactive
approach was intended to facilitate more timely, consistent, and comprehensive evaluations of the
ESA status of Pacific salmonids than would be possible through along series of reviews of
individual populations. Subsequent to this announcement, NMFS was petitioned on 1 February
1995 by the Oregon Natural Resources Council (ONRC) and Siskiyou Project Staff Ecologist
Dr. Richard K. Nawato list 197 stocks of chinook salmon either separately or in some
combination.

This document reports results of the comprehensive ESA status review of chinook salmon
from Washington, Oregon, California, and Idaho. To provide a context for evaluating these
populations of chinook salmon, biological and ecological information for chinook salmonin
British Columbia, Alaska, and Asiawere also considered. This review thus encompasses, but is
not restricted to, the populations identified in the PRO-Salmon and ONRC-Nawa petitions.

Because the ESA stipulates that listing determinations should be made on the basis of the
best scientific information available, NMFS formed ateam of scientists with diverse backgrounds
in salmon biology to conduct thisreview. This Biological Review Team (BRT) for chinook
salmon included: Peggy Busby, Dr. Stewart Grant, Dr. Robert Iwamoto, Dr. Robert Kope, Dr.
Conrad Mahnken, Gene Matthews, Dr. James Myers, Philip Roni, Dr. Michael Schiewe, David
Teel, Dr. Thomas Wainwright, F. William Waknitz, Dr. Robin Waples, and Dr. John Williams of
NMFS Northwest Fisheries Science Center; Gregory Bryant and Craig Wingert of NMFS
Southwest Region; Dr. Steve Lindley and Dr. Peter Adams from NMFS Southwest Region
(Tiburon Laboratory); Alex Wertheimer of NMFS Alaska Fisheries Science Center (Auke Bay
Laboratory); and Dr. Reg Reisenbichler from the USGS Biological Resource Division. NMFS
received scientific and technical information from Pacific Salmon Biological and Technical
Committees (PSBTCs) convened in Washington, Oregon, and California. Meetings of the
PSBTC were not held in Idaho because al chinook salmon populations in Idaho

1 The use of the term “spring-run” to describe the chinook salmon returning to the Dungeness River has been
discontinued by state, tribal, and federal agencies. It has been replaced with the term “native,” but in this report
the term “spring-run” has been retained for the purpose of maintaining consistency with older references to the
stock.
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are dready listed under the ESA. The BRT discussed and evaluated scientific information
gathered at the PSBTC meetings, and aso reviewed information submitted to the ESA
administrative record for chinook salmon, including specific comments by co-managing agencies
on adraft version of this document (CDFG 1997b, HVTC 1997, IDFG 1997, LIBC 1997,
NWIFC 1997a, ODFW 1997a, and WDFW 1997a, Y TFP 1997a).

In determining whether alisting under the ESA is warranted, two key questions must be
addressed:

1) Istheentity in question a"species' as defined by the ESA?
2) If s0, isthe "species’ threatened or endangered?

These two questions are addressed in separate sections of thisreport. If it is determined that a
listing(s) is warranted, then NMFS is required by law (1973 ESA Sec. 4(a)(1)) to identify one or
more of the following factors responsible for the species threatened or endangered status:

1) destruction or modification of habitat, 2) overutilization by humans, 3) disease or predation,

4) inadequacy of existing regulatory mechanisms, or 5) other natural or human factors. This
status review does not formally address factors for decline; except insofar as they provide
information about the degree of risk faced by the speciesin the future if current conditions
continue. A separate document identifies factors for decline of chinook salmon from Washington,
Oregon, California, and Idaho, and is presented subsequent to any proposed listing
recommendation.

The" Species’ Question

As amended in 1978, the ESA allows listing of "distinct population segments" of
vertebrates as well as named species and subspecies. However, the ESA provides no specific
guidance for determining what constitutes a distinct population, and the resulting ambiguity has
led to the use of avariety of criteriain listing decisions over the past decade. To clarify the issue
for Pacific salmon, NMFS published a policy document describing how the agency will apply the
definition of "species’ in the ESA to anadromous salmonid species, including sea-run cutthroat
trout and steelhead (NMFS 1991). A more detailed discussion of this topic appeared in the
NMFES "Definition of Species’ paper (Waples 1991b). The NMFS policy stipulates that a salmon
population (or group of populations) will be considered "distinct” for purposes of the ESA if it
represents an evolutionarily significant unit (ESU) of the biological species. An ESU isdefined as
apopulation that 1) is substantially reproductively isolated from conspecific populations and 2)
represents an important component of the evolutionary legacy of the species.

The term "evolutionary legacy" is used in the sense of "inheritance,” that is, something
received from the past and carried forward into the future. Specifically, the evolutionary legacy of
a speciesisthe genetic variability that is aproduct of past evolutionary events and that represents
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the reservoir upon which future evolutionary potential depends. Conservation of these genetic
resources should help to ensure that the dynamic process of evolution will not be unduly
constrained in the future.

The NMFS policy identifies a number of types of evidence that should be considered in the
species determination. For each of the criteria, the NMFS policy advocates a holistic approach
that considers all types of available information as well as their strengths and limitations. Isolation
does not have to be absolute, but it must be strong enough to permit evolutionarily important
differences to accrue in different population units. Important types of information to consider
include natural rates of straying and recolonization, evaluations of the efficacy of natural barriers,
and measurements of genetic differences between populations. Data from protein electrophoresis
or deoxyribonucleic acid (DNA) analyses can be particularly useful for this criterion because they
reflect levels of gene flow that have occurred over evolutionary time scales.

The key question with respect to the second ESU criterion is, if the population became
extinct, would this represent a significant loss to the ecological/genetic diversity of the species?
Again, avariety of types of information should be considered. Phenotypic and life-history traits
such as size, fecundity, migration patterns, and age and time of spawning may reflect local
adaptations of evolutionary importance, but interpretation of these traits is complicated by their
sensitivity to environmental conditions. Data from protein electrophoresis or DNA anayses
provide valuable insight into the process of genetic differentiation among populations but little
direct information regarding the extent of adaptive genetic differences. Habitat differences
suggest the possibility for local adaptations but do not prove that such adaptations exist.

Background of Chinook Salmon under the ESA

On 7 November 1985, NMFS received a petition from the American Fisheries Society
(AFS) to list the winter-run chinook salmon in the Sacramento River as a threatened species
under the federal ESA. NMFS initially announced its decision not to list this population as
threatened or endangered on 27 February 1987 (NMFS 1987). Subsequently, the winter-run
chinook salmon population experienced a further decline, and an emergency listing to list the
population as threatened was made on 4 August 1989 (NMFS 1989); the listing was extended on
2 April 1990 (NMFS 1990a). A final ruleto list the Sacramento River winter-run chinook salmon
as threatened was made on 5 November 1990 (NMFS 1990b). The winter run continued to
decline and was subsequently listed as endangered 4 January 1994 (NMFS 1994b).

On 7 June 1990, NMFS received a petition from Oregon Trout and five co-petitioners to
list Snake River spring-run chinook salmon, Snake River summer-run chinook salmon, and
Snake River fall-run chinook salmon under the ESA. A fina rule was announced on 22 April
1992 (NMFS 1992), which determined that Snake River chinook salmon should be listed as
threatened under the ESA. Furthermore, it was determined that the spring- and summer-run
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populations collectively constituted a separate ESU from the fall-run chinook salmon under the
ESA. Asaresult of record low adult returnsin 1994 and projected returns for 1995, an
emergency interim rule was announced 18 August 1994 to reclassify the Snake River
spring/summer run and Snake River fall run as endangered (NMFS 1994c¢); however, both Snake
River chinook salmon ESUs were subsequently classified (17 April 1995) in afina ruling as being
threatened (NMFS 1995a).

A petition for the listing of summer-run chinook salmon in the mid-Columbia River? was
submitted to NMFS on 3 June 1993, by the American Rivers and ten co-petitioners. On 23
September 1994, NMFS determined that the mid-Columbia River summer-run chinook salmon
stocks petitioned did not constitute an ESU, but belonged to alarger fall- and summer-run
chinook salmon ESU located along the mainstem Columbia River between the Chief Joseph and
McNary Dams (NMFS 1994a). NMFS concluded that this ESU did not warrant alisting of
endangered or threatened.

Summary of Information Presented by the Petitioners

This section briefly summarizes information presented by the petitioners (Professiona
Resources Organization (PRO)-Salmon 1994, Oregon Nationa Resources Council (ONRC) and
Nawa 1995) to support their arguments that specific chinook salmon stocks in Washington,
Oregon, Idaho, and California qualify as threatened or endangered species under the ESA.
Previous ESA petitions for chinook salmon under the ESA have been evaluated and summarized
in elsewhere (NMFS 1987, Matthews and Waples 1991, Waples et al. 1991b, Waknitz et al.
1995).

Distinct Population Segments

The PRO-Samon (1994) petition requested that NMFS evaluate four stocks of chinook
salmon in Washington state for listing as threatened or endangered under the ESA: the North
Fork Nooksack River spring run, South Fork Nooksack River spring run, Dungeness River spring
run, and White River spring run. The petitioners presented several alternative groupings of these
stocks into one or more ESUs, which might also include stocks not specifically mentioned in their
petition. The ONRC and Nawa (1995) petition listed 197 “stocks’ in Washington, Oregon,
Cdlifornia, and Idaho to be considered for listing as threatened or endangered, either separately or
in one or more ESUs. The authors specifically included non-native stocks, such as Clearwater
River spring-run chinook salmon, which contains components of other spring-run stocks from the

2 Mid-Columbia was used by the petitioners to refer to the Columbia River Basin between Priest Rapids and Chief
Joseph Dams.
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Snake River spring- and summer-run ESU. They argued that if an ESU that contains the original
components of a mixed stock is identified and listed as threatened or endangered, then the mixed
stock should be included in the ESU.

ONRC and Nawa suggested severa aternative scenarios for chinook salmon, specifically,
to list:

. chinook salmon and their critical habitat as an ESU in Washington, Oregon, Cdifornia,

and ldaho; or

. spring, summer, fall, and winter chinook salmon and their critical habitat as four distinct
ESUs, or

. ESUs which comprise one or more of the 197 stocks of chinook salmon (listed in the

petition), the four stocks previously petitioned by PRO-Salmon in addition to stocks
which belong to the four existing chinook salmon ESUs identified by NMFS, and their
critical habitat; or

. each of the 197 stocks of chinook salmon (listed in the petition) and the 4 stocks
previously petitioned by PRO-Salmon as separate ESUs, in addition to the 4 existing
chinook salmon ESUs identified by NMFS; or

. regional ESUs: (@) spring- and summer-run chinook salmon in Washington, Oregon,
California, and Idaho; (b) coastal fall chinook salmon that spawn in rivers and creeks south
of Cape Blanco, Oregon (excluding Rogue River fall chinook salmon); (©
Columbia River fall chinook salmon, which spawn in tributaries below McNary Dam; (d)
Puget Sound fall and summer/fall chinook salmon (including Sooes River fall chinook
salmon on the Washington Coast); and (e) fall chinook salmon from the Central Valley of
California (including “wild” fall chinook salmon that spawn in small tributaries to San
Francisco Bay) and their critical habitat.

Population Abundance

Both the PRO-Salmon (1994) and ONRC and Nawa (1995) petitions cited extensive
information to document the decline of specific chinook salmon stocks. PRO-Salmon (1994)
cited the work of Nehlsen et al. (1991), who considered the four stocks of chinook salmon in the
petition to be at a high or moderate risk of extinction, and WDF et a. (1993), who identified the
status of the four stocks as “critical,” based on “chronically low” escapement or redd counts. The
spring run on the White River had declined from 5,432 in 1942 to alow of 66 in 1977, and return
numbers have averaged less than 200 fish from 1978-91 (PRO-Salmon 1994). Escapement
estimates for the North Fork Nooksack River spring run are less accurate because of unfavorable
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river conditions for sampling. Spawner/redd surveys nevertheless indicate a considerable decrease
in stock size.

ONRC and Nawa (1995) surveyed and categorized 417 stocks of chinook salmon, of
which they considered 67 (16.1%) to be extinct, 21 (5.0%) nearly extinct, 95 (22.8%) declining,
75 (18.0%) composite production [in which the hatchery contribution exceeds natural
production], and a further 37 (8.9%) of unknown status. Using information from a number of
sources, the petitioners presented overall and regional estimates of the decline of chinook salmon
stocks. Nehlsen et al. (1991) listed 64 stocks of chinook salmon that they determined to be a a
high or moderate risk of extinction or of special concern. WDF et a. (1993) determined the
status of 40 of the 108 (37.0%) chinook salmon stocks in Washington State to be “critical” or
“depressed.” The Wilderness Society (1993) reported that 63% of spring- and summer-run
chinook salmon stocks in Washington, Oregon, California, and Idaho were considered to be
extinct, with a further 24% being endangered or threatened. Similarly, among fall chinook salmon
stocks, 19% were extinct, and 25% endangered or threatened.

On aregional basis, the Central Valley of Caifornia had the highest percentage of extinct
stocks (40%), with only one wild stock classified as not declining according to ONRC and
Nawa (1995). Stocks within the coastal basins south of Cape Blanco, Oregon had aso
experienced a similar decrease in abundance, with 67% of the stocks classified as extinct, nearly
extinct, or declining. Within the Columbia River Basin, chinook salmon stocks below McNary
Dam (River Kilometer [RKm] 470) have been heavily influenced by artificial propagation, and
only six wild stocks were identified that were not declining. According to ONRC and Nawa, the
Columbia River chinook salmon stocks above McNary Dam have experienced the second highest
level of extinction (28%), with 44% of the stocks being classified as declining. 1n the Snake
River, the petitioners identified 13 stocks (28%) as being extinct and 22 stocks (47%) to bein
decline. No wild stocks were found that were not declining. Among chinook salmon stocksin
Puget Sound, 50% of the spring-run stocks were extinct. Only coastal stocks north of Cape
Blanco, Oregon were not found to be seriously declining. ONRC and Nawa (1995) presented
individual stock historical abundance information for many of the 417 stocks surveyed. This
information further documented many of the regional declines noted above.

Causes of Decline for Chinook Salmon

The petitioners identified severa factors which they believe have either singly or in
combination resulted in the chinook salmon stock declines in abundance described above.
Because the petitions cover such a wide geographic area, encompassing several terrestrial and
marine ecological regions, and because the populations surveyed have been impacted by varying
anthropogenic factors, only avery generalized review of this topic will be given.
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PRO-Salmon (1994) and ONRC and Nawa (1995) both cited references indicating that
habitat degradation is the major cause for the decline in the petitioned chinook salmon stocks.
The influence of dams® was most commonly implicated by ONRC and Nawa (1995) as being
responsible for the decline or extinction of chinook salmon stocks. Of the stock extinctions
surveyed in the coastwide region, 76% were dam related. This was most noticeable in the Central
Valey, Cdiforniawhere 100% of the extinctions surveyed were dam related (Campbell and Moyle
1990). Furthermore, 48 of the spring- and summer-run stocks found to be in decline were
affected by dams. Two of the four chinook salmon stocks petitioned by PRO-Salmon (1994)
were impacted to some extent by dam operation, but logging* and agricultural land use/water
diversion (including diking) also figured as major factorsin al four stocks. The Nooksack
Technica Group (1987) indicated that sedimentation from logging activities had serioudly
impacted the quality of the spawning 